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M A N N E D  UNDERWATER LABORATORY I N  THE NORTH SEA 
INSTITUTE FOR A I R  M E D I C I N E  OF THE GERMAN 
RESEARCH INSTITUTION FOR A I R  AND SPACE 
N A V I G A T I O N  AND B I O L O G I C A L  INSTITUTION 

H E L G O L A N D  BU I LD THE U W L  "HELGOLAND" 

Ot to  K i n n e  and S ieg f r i ed  Ruff 

ABSTRACT: T h e  d e s i g n  o f  t h e  pro jec ted  underwater labora tory  
( U W L )  a t  Helgoland is b r i e f l y  descr ibed .  Provis ions  f o r  t h e  
maintenance and medical su rve i l l ance  of t h e  l abora tory  person- 
n e l  a r e  indicated.  The fu tu re  research program, w h i c h  con- 
s i s t s  of a medical,  a psychological and a marine biology 
research program, is out1 i n e d .  

The Bio logica l  I n s t i t u t i o n  Helgoland (BAH) and t h e  I n s t i t u t e  f o r  A i r  /11 
Medicine of  t h e  German Research I n s t i t u t i o n  f o r  A i r  and Space Navigation (DVL) 
i n t end  t o  e s t a b l i s h  an underwater labora tory  (UWL) i n  t h e  North Sea.  The 
t o t a l  c o s t s  f o r  cons t ruc t ion ,  equipment and s e t t i n g  up o f  t h e  UWL amount t o  
DM 768.000. The f u r t h e r  c o s t s  (personnel,  s e r v i c i n g  by supply s h i p s ,  opera t ion  
of  t h e  land s t a t i o n ,  e tc . )  w i l l  be defrayed by BAH and DVL. 

The BAH i s  r e spons ib l e  f o r  planning and ca r ry ing  out  t h e  marine b i o l o g i c a l  
r e sea rch  p r o j e c t s ,  t h e  employment of research  s h i p s  and t h e  assignment of  work 
space t o  v i s i t i n g  r e sea rche r s .  
ou t  t h e  medical research  p r o j e c t s  a s  well as f o r  t h e  cons t ruc t ion  and prelim- 
i n a r i l y  f o r  t h e  t e c h n i c a l  opera t ion  of  t h e  UWL. 

The DVL i s  r e spons ib l e  f o r  planning and ca r ry ing  

II Technical Descr ipt ion and Operation of the UWL 

/2 The labora tory  i s  designed as a cy l inder  r e s i s t a n t  t o  d i f f e r e n t i a l  - 
p r e s s u r e s  of up t o  10 atmospheres. This p re s su re  corresponds t o  a water depth 3 of 100 meters. I t s  u s e f u l  volume amounts t o  46 m . I t  i s  d iv ided  f o r  reasons 
of  s a f e t y  i n t o  2 rooms, t h e  so -ca l l ed  wet room and t h e  working or  s l eep ing  
room. 
reckoned wi th  i n  t h e  v i c i n i t y  of Helgoland, t h e r e  i s  i n  t h e  wet p a r t  a 
c y l i n d r i c a l  e n t r y  and e x i t  s h a f t  t h a t  is about 3 meters long. 
be  c losed  wa te r - t i gh t  i f  t h e  t i d a l  range, due t o  unfavorable  weather,  should 
exceed t h e  normal va lue .  
t h e  oppor tun i ty  t o  observe what goes on o u t s i d e  t h e  labora tory .  
spraddled  support ing l e g s  are placed i n  l o n g i t u d i n a l l y  disposed b a l l a s t  boxes. 
A i r  t anks  t h a t  can be flooded and pumped out  permit f l o a t i n g  t r a n s p o r t a t i o n  
of t h e  l abora to ry  and make a r e l a t i v e l y  easy  change of  p o s i t i o n .  A l l  gas 
b o t t l e s  needed f o r  supply and containing compressed a i r ,  n i t rogen ,  oxygen 
and helium are arranged i n  groups below t h e  UWL. 

'Numbers i n  t h e  margin i n d i c a t e  paginat ion i n  t h e  fo re ign  t e x t .  

In  o rde r  t o  compensate f o r  t h e  t i d a l  range of  almost 3 m t h a t  i s  t o  be 

This  s h a f t  can 

Severa l  observat ion windows i n  t h e  wet p a r t  provide 
The fou r  

9 

/ 3  - 



F i g .  1 .  Drawing o f  t h e  Underwater Laboratoty "Helgoland'l a t  the Coast o f  t h e  
Island o f  Helgoland 

The underwater l abora to ry  i s  designed f o r  t h e  accommodation o f  4 
s c i e n t i s t s .  
t e c h n i c a l l y ,  s i n c e  t h e  atmosphere of the house is  cons t an t ly  being regen- 
e r a t e d  i n  a c losed  c i r c u i t ,  i . e .  carbon d ioxide  and contaminants are absorbed 
o r  f i l t e r e d  ou t  and used oxygen i s  replaced.  

The du ra t ion  of t h e  s t a y  is not  s u b j e c t  t o  any l i m i t a t i o n s  

Speaking and t e l e v i s i o n  communication wi th  t h e  o u t s i d e  world as well as 
adequate supp l i e s  from t h e  su r face  are p r e r e q u i s i t e s  f o r  f r i c t i o n l e s s  ope ra t ion .  
For t h e  sake of s a f e t y ,  it i s  planned t o  c a r r y  te lephone l i n e s  and power l i n e s  
both t o  t h e  shore and t o  a buoy f l o a t i n g  above t h e  UWL. 
i s  i n  a d d i t i o n  t o  t h e  t e l e v i s i o n  t r ansmi t t e r  an au tomat i ca l ly  opera t ing  power 
gene ra to r  u n i t .  The buoy serves  a t  the  same time as antenna carrier f o r  t h e  
t e l e v i s i o n  and r a d i o  communication and as p o s i t i o n  marker f o r  t h e  UWL. 

I n  t h i s  buoy t h e r e  

If t h e  power supply from these  two sources  should f a i l  a t  t h e  same time 
due t o  unforeseeable  circumstances,  a l imi ted  ope ra t ion  o f  t h e  UWL can s t i l l  
be maintained f o r  about 8 days from an emergency b a t t e r y  p laced  on t h e  
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framework of t h e  l abora to ry .  
same pe r iod ,  so t h a t  a l l  connection w i t h  t h e  s u r f a c e  of  t h e  water can be 
i n t e r r u p t e d  f o r  t h i s  length  of time without danger.  

Suppl ies  a re  p laced  i n  t h e  l abora to ry  f o r  t h e  

The s u r v e i l l a n c e  of t h e  l abora to ry  t akes  p l a c e  from a land s t a t i o n  
e s t a b l i s h e d  i n  t h e  v i c i n i t y  of t h e  "Dune-Oberfeuei' l igh thouse .  
add i t ion  t o  t h e  e l e c t r o n i c  t r a n s m i t t i n g  and r ece iv ing  appara tus  f o r  r a d i o  
and t e l e v i s i o n ,  numerous measuring, cont ro l  and record ing  devices  w i l l  be 
i n s t a l l e d  f o r  a l l  t e c h n i c a l  opera t ions  in  progress  i n  t h e  UWL. 

Here i n  

Medical P r e r e q u i s i t e s  f o r  t h e  Operation o f  the UWL. 

A p r e r e q u i s i t e  f o r  t h e  t o l e r a b i l i t y  of  a r t i f i c i a l  gas mixtures  is  t h e  
maintenance of a d e f i n i t e  carbon dioxide and oxygen concent ra t ion .  
carbon d iox ide  concent ra t ion  of 0.005-0.01 atm must no t  be  exceeded, t h e  
maximum pe rmis s ib l e  oxygen p a r t i a l  p ressure  depends on t h e  du ra t ion  of t h e  
s t a y .  An oxygen p a r t i a l  p re s su re  of 0.3-0.4 atm as i s  provided i n  t h e  UWL 
can be t o l e r a t e d  f o r  weeks without  d i f f i c u l t y .  
of 15 m t h e  use  of compressed a i r  would a l s o  be p o s s i b l e ,  b u t  i n  t h a t  way 
t h e  ind iv idua l  persons could only  l i v e  i n  t h e  UWL 6 days a t  a time. 

While a 

For t h e  f irst  s i t e  a t  a depth 

While t h e  choice of  t h e  gas mixture does not  o f f e r  any p a r t i c u l a r  

That concerns above a l l  t h e  l i v i n g  
I t  i s  known, 

problems, t h e r e  are from a medical and psychological  po in t  of view o t h e r  
ques t ions  t h a t  must be considered.  
t oge the r  i n  t h e  most confined space i n  a c losed  atmosphere. 
and could a l s o  r epea ted ly  be v e r i f i e d  by our experiments,  t h a t , a s  l i v i n g  
toge the r  becomes s o  much more d i f f i c u l t ,  t h e  more d i f f e r e n t i a t e d  t h e  i n -  
d iv idua l  p e r s o n a l i t i e s  are. More experiences must be gathered i n  t h i s  area. 

Medical Care and Check o f  the Persons Working i n  UWL. 

The medical care and check of s c i e n t i s t s  and t echn ic i ans  working i n  t h e  
UWL i s  c a r r i e d  out  wi th  t h e  fol lowing examination methods. 

Electrocardiography.  

Lung func t ion  tes ts  ( v i t a l  capac i ty ,  depth and ra te  o f  r e s p i r a t i o n ) ,  
biochemical blood tes ts  (determinat ion of s e v e r a l  enzymes and o f  t h e  calcium 
and phosphorous l e v e l  i n  t h e  blood p i c t u r e  and u r i n e  check).  

Psychological  examinations ( reac t ion  time measurements, t apping  and 
w r i t i n g  t e s t s ) .  

The care and checking program f o r  t h e  i n h a b i t a n t s  of t h e  underwater 
house i s  based on experiences of severa l  yea r s ,  gained through prolonged 
experiments under excess  p re s su re .  
adequate i n  every case f o r  judging t h e  h e a l t h  s i t u a t i o n .  

I t  has been found t h a t  t h i s  program was 
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Medical Research Program 

(1) 

(2)  

(3) 

Inf luence  of e f f o r t  on t h e  func t ion  o f  h e a r t  and c i r c u l a t o r y  system 

I n v e s t i g a t i o n  of t h e  inf luence  of  t h e  water temperature  on t h e  co re  

I n v e s t i g a t i o n  concerning t h e  inf luence  of n u t r i t i o n  on t h e  

i n s i d e  and o u t s i d e  t h e  UWL. 

temperature  of  human be ings .  

e f f i c i e n c y  and comfort of persons i n  the  l abora to ry .  

Psychological Research Program 

The de termina t ion  of t h e  psychomotor e f f i c i e n c y  has  turned  out  i n  t h e  
experiments made so fa r  t o  o f f e r  good oppor tun i t i e s  f o r  judging t h e  cond i t ion  
of t h e  t e s t  person.  
necessary  i n  a d d i t i o n  t o  i n v e s t i g a t e  t o  what e x t e n t  a man's pe rcep t ive  f a c u l t y  
and a b i l i t y  t o  a c t  are inf luenced o r  changed as compared wi th  normal cond i t ions  
Espec ia l ly  such s k i l l s  are t o  be inves t iga t ed  as those  requi red  f o r  t e c h n i c a l  
and mechanical work under water, and t h a t  both f o r  rough and p r e c i s i o n  
i n s t a l l a t i o n  work. 
respons iveness ,  accuracy of  movement and d e x t e r i t y ,  a l s o  c a p a b i l i t y  f o r  
s p a t i a l  v i s i o n  and judgment. 

In  t h e  case of t h e  i n h a b i t a n t s  of t h e  UWL it appears  

This psychomotor performance inc ludes  f i n e  motor c o n t r o l ,  

Research P ro jec t s  i n  Marine Biology 

The s tudy  of t h e  eco log ica l  dynamics of  marine l i f e  r e p r e s e n t s  one o f  t h e  
most important  r e sea rch  p r o j e c t s  of our time. 
b i o l o g i c a l  r e sea rch  t o  gain i n s i g h t  i n  t h e  extremely complex s t r u c t u r e  of  
r e l a t i o n s h i p s  between environment and organisms and thus  t o  deepen our  
extremely incomplete knowledge of  t h e  anabol ic ,  metabol ic  and c a t a b o l i c  
p rocesses .  

I t  i s  an urgent  t a s k  of  marine 

/ 6  The master ing of such ex tens ive  problems rises and f a l l s  with t h e  - development of s u i t a b l e  methods. 
shown t h a t  t h e  methods of s c i e n t i f i c  sk indiv ing  and underwater t e l e v i s i o n  
r e p r e s e n t  almost ind ispensable  a ids  t o  t h e  s tudy  o f  c o a s t a l  waters. This  
l i v i n g  space f o r  marine organisms, which i s  so exceedingly r i c h  i n  forms and 
i n d i v i d u a l s  could thereby f o r  t h e  f i r s t  t ime be  made access ib l e  t o  d i r e c t  
observa t ion .  
t h e  l i m i t e d  s t a y  f o r  work under water .  

The experiences of t h e  las t  decades have 

But by i t s  na tu re  t h e  sk indiv ing  method i s  sha rp ly  l imi t ed  by 

To a t t a i n  t h e  broad goal  longrange experiments and correspondingly 

Here t h e  newest instrument of modern 
prolonged working per iods  under water  a r e  t h e r e f o r e  ind ispensable  t o  t h e  
marine b i o l o g i s t  working i n  s i t u .  
research; the underwater labora tory  (UWL) o f f e r s  i t s  s e r v i c e s .  

The p ioneer  work perfomed by French and American s c i e n t i s t s  and engineers  
dur ing  r e c e n t  years  has  brought t o  the  a t t e n t i o n  of  t h e  world t h e  fact  t h a t  
e n t i r e l y  new p o s s i b i l i t i e s  f o r  both appl ied and b a s i c  research  have been 
opened up by t h e  employment of underwater l a b o r a t o r i e s ,  whose effect  i n  depth 
and sp ino f f  a l s o  i n t o  o the r  s c i e n t i f i c  areas can ha rd ly  be ove r ra t ed .  While 
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t h e  underwater s t a t i o n s  h i t h e r t o  constructed have been supported p r i m a r i l y  by 
i n d u s t r i a l  and commercial i n t e r e s t s ,  the  f i rs t  German UWL which is  t o  be se t  
up a t  Helgoland w i l l  p r i m a r i l y  serve  research i n  marine b io logy  and medicine.  

The American and French underwater l a b o r a t o r i e s  have s o  fa r  been 
e s t a b l i s h e d  only i n  w a r m ,  clear and calm waters. 
important proof w i l l  now be  produced tha t  an UWL can a l s o  be s u c c e s s f u l l y  
e s t a b l i s h e d  i n  t h e  waters of OUT country under r e l a t i v e l y  unfavorable  
environmental  condi t ions  ( c o l d ,  moving water, p a r t l y  with poor v i s i b i l i t y ) .  

With t h e  Helgoland p r o j e c t  

H i the r to  t h e  marine b i o l o g i s t  doing f i e l d  work repor ted  h i s  f i nd ings  
almost exc lus ive ly  on "fair weather days". 
l i f e  i n  t h e  sea it is  exac t ly  t h e  extreme s i t u a t i o n s  (wind, water, c u r r e n t ,  
t u r b i d i t y ,  sediment t r a n s p o r t )  t h a t  a r e  of d e c i s i v e  importance. The s c i e n t i f i c / 7  
d i v e r  team of  t h e  BAH has a f t e r  4 years  of work i n  t h e  North Sea acqui red  
t h e  necessary  b a s i c  knowledge and important experience.  
p r o j e c t s  have a l r eady  been c a r r i e d  out  o r  i n i t i a t e d :  t h e  l ay ing  out  of 
a r t i f i c i a l  underwater gardens,  growth and a s s i m i l i l a t i o n  measurements on 
brown a l g a e ,  t r a n s p l a n t i n g  experiments on s t a r f i s h ,  behavior  s t u d i e s  on 
schools  o f  f i s h ,  experimental  ecological  s t u d i e s  of t h e  microfauna l i v i n g  i n  
t h e  sea sand. 
by means of UWL may be o u t l i n e d  i n  a condensed summary as fo l lows:  

But t o  understand t h e  dynamics of 

- 

Extensive r e sea rch  

The group of problems i n  marine biology t h a t  can be encompassed 

1) 

2) 

3) 

4) Carrying out longrange experiments i n  s i t u .  
5) 

6) Developing, e l a b o r a t i n g  and checking new c o l l e c t i n g  and ca tch ing  methods 

Expanding t h e  range o f  our  concept of  t h e  d i v e r s e l y  s t r u c t u r e d  l i f e  zones 
under water by d i r e c t  observa t ion .  
Understanding t h e  microcl imatological  d a t a  of  s t a b l e  and mobile sea- 
bottom i n  s i t u .  
Q u a l i t a t i v e  and q u a n t i t a t i v e  inventory of  p l a n t  and animal organisms 
wi th in  circumscribed l i f e  zones. 

Study and experimental  v e r i f i c a t i o n  o f  t h e  behavior  of  marine organisms 
through d i r e c t  observa t ion .  

i n  t h e  l i g h t  of  experiences gained i n  t h e  n a t u r a l  environment. 

The Bio logica l  I n s t i t u t e  Helgoland c a r r i e s  on b a s i c  research  i n  t h e  
s p e c i a l  f i e l d s  of zoology, physiology, botany, microbiology,plancktonology, 
ichthyology,  and r a d i a t i o n  b io logy .  
s t a t i o n  of  t h e  mainland r e sea rch  i n s t i t u t i o n s  concerned. Accordingly t h e  
marine b io logy  r e sea rch  p r o j e c t s  t h a t  are  t o  be c a r r i e d  out  with t h e  UWL 
are i n t e g r a t e d  with t h e  research  of the i n s t i t u t e  proper  and i n  t h e  s t u d i e s  
of v i s i t i n g  r e sea rche r s .  
being worked out  f o r  a pe r iod  of  2-3  years a t  a time. 
on r e l a t i v e l y  longrange experiments i n  s i t u  and on t h e  development of new 
working and r e sea rch  methods based on the UWL. 

I t  s e r v e s  i n  a d d i t i o n  as t h e  only marine 

The research  programs under cons ide ra t ion  are 
They a r e  concent ra ted  
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